Architecture of a gamma retroviral genomic RNA dimer.
Retroviral genomes contain two sense-strand RNAs that are noncovalently linked at their 5' ends, forming a dimer. Establishing a structure for this dimer is an obligatory first step toward understanding the fundamental role of the dimeric RNA in retroviral biology. We developed a secondary structure model for the minimal dimerization active sequence (MiDAS) for the Moloney murine sarcoma virus in the final dimer state using selective 2'-hydroxyl acylation analyzed by primer extension (SHAPE). In this model, two self-complementary, or palindromic, sequences (PAL1 and PAL2) form extended intermolecular duplexes of 10 and 16 base pairs, respectively. The monomeric starting state was shown previously to contain a flexible domain in which nucleotides do not form stable interactions with other parts of the RNA. In the final dimer state, portions of this initial flexible domain form stable base pairs, while previously base-paired elements lie in a new flexible domain. Thus, partially overlapping and structurally well-defined flexible domains are prominent features of both monomer and dimer states. We then used hydroxyl radical cleavage experiments to characterize the global architecture of the dimer state. Extensive regions, including portions of both PAL1 and PAL2, are occluded from solvent-based cleavage indicating that the MiDAS domain does not function simply as a collection of autonomous secondary structure elements. Instead, the retroviral dimerization domain adopts a compact architecture characterized by close packing of its constituent helices.